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(57) ABSTRACT 

A plurality of acoustic Wave transducers are coupled to a 

substrate at predetermined spaced apart locations. At least 
one of the transducers is operative to emit an acoustic Wave 

that propagates along the substrate, With the other transduc 
ers operating as receivers of acoustic Waves. The receivers 

are coupled to a control system that is operative to determine 
a location at Which the substrate is perturbed based on time 

associated With travel of an acoustic Wave from a transmit 

ter, to the location of the perturbation, and from the pertur 
bation to each of the respective receivers. 

16 10 
f 

CONTROL SYSTEM = 

I SUBSTRATE 



US 2004/0164970 A1 

I 2596 .6528 

Patent Application Publication Aug. 26, 2004 Sheet 1 0f 9 

\ / / \ .... I K |\ 

on \ ....\l. I I I I I l l/\ Nu 

\\ _. 

\ ‘I. XE 

A 

8 |\ 





Patent Application Publication Aug. 26, 2004 Sheet 3 0f 9 US 2004/0164970 A1 

wow com |\\ 



Patent Application Publication Aug. 26, 2004 Sheet 4 0f 9 US 2004/0164970 A1 

wow 

wow 



Patent Application Publication Aug. 26, 2004 Sheet 5 0f 9 US 2004/0164970 A1 

200 
[ 208 b» TO CONTROL 

/—226 FIG. 5 

22s 

202 -\ 



Patent Application Publication Aug. 26, 2004 Sheet 6 0f 9 US 2004/0164970 Al 

O 

N 
Q D 
ID (9 
N N 

FIG. 6 

256 



Patent Application Publication Aug. 26, 2004 Sheet 7 0f 9 US 2004/0164970 A1 

vmu 
wmu 



Patent Application Publication Aug. 26, 2004 Sheet 8 0f 9 US 2004/0164970 A1 

300 

310 TRANSMITACOUSTIC f 
WAVE ' YES 

370 400 
IS 320 IS ' 

TIMER>T1max i f TlMER>T2max 
7 
‘ SYNCHRONIZE ? 

TIMER(S) NO 

DOES 

WAVE 
? 

YES 

SENSOR 1 DETECT 

SET T1 = TIMER 

340 

DOES 
SENSOR 2 DETECT 

W E 

380 /_ 
350 / 

CORRESPOND TO 
PERTURBATION 

‘ '2 

SET T2 = TIMER 

T 

CORRESPOND TO 
PERTURBATION 

DETERMINE 
COORDINATES 

T FIG. 8 
PERFORM ACTION 

1 



Patent Application Publication Aug. 26, 2004 Sheet 9 0f 9 US 2004/0164970 A1 

500 

SET SCREEN /' 51° 
PARAMETERS 

i 
INITIALIZE TABLE f 520 

VALUES 

4 
CALCULATE Tx AND Ty /' 53° 
FOR x(ROw, COLUMN) 

i 
CALCULATE TX AND Ty f 54° 
FOR Y(ROW, COLUMN) 

4 
ASSIGN 

NONTRUNCATED TX /_ 55° 
AND Ty VALUES TO 

TABLE 

NO /— 580 REMAINING X, Y SAVE DATA 
ELEMENTS = NULL 

'2 

YES 590 

PATCH REMAINING f 57° 
NULL VALUES 

——J FIG. 9 



US 2004/0164970 A1 

TOUH SCREEN USING ECHO-LOCATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. patent application Ser. No. 09/938,095, ?led Aug. 23, 
2001, entitled TOUCH SCREEN. 

TECHNICAL FIELD 

[0002] The present invention relates human-machine 
interfaces and, more particularly, to a touch screen system 
and to a corresponding methodology for operating a touch 
screen system. 

BACKGROUND OF THE INVENTION 

[0003] Various types of touch screen monitors have been 
developed to facilitate user interaction With graphical user 
interfaces (GUIs). Touch screens are gaining popularity for 
numerous applications, including point-of-information 
kiosks, vending, electronic catalogs, in-store locators, cor 
porate training, gaming, lottery, and amusement, multimedia 
marketing, banking/?nancial transactions, ticket sales, inter 
active education, multimedia demos, museum displays, and 
the like. Atouch screen generally employs one of four types 
of touch technologies: capacitive, resistive, infrared, and 
surface acoustic Wave (SAW). In general, capacitive and 
resistive touch technologies both rely on overlays, Whereas 
infrared and SAW con?gurations typically do not require 
overlays. 
[0004] By Way of illustration, an analog resistive screen is 
formed of a sandWich of Mylar and plastic or glass separated 
by substantially transparent elastic spacers. The inside sur 
faces of the sandWich are coated With a uniform transparent 
thin ?lm, such as a conductive coating. In operation, a 
voltage is alternately applied along horiZontal and vertical 
aXes of the screen. When a user depresses the Mylar overlay 
so that its conductive layer contacts the energiZed layer, the 
resulting voltage is sensed and transmitted to a controller 
that converts the signal to an indication of touch location. 

[0005] In a capacitive type of touch screen, a glass panel 
is coated With a conductive coating that is fused into the 
glass. The coating is connected to electrodes located at edges 
of the screen. Each electrode is connected to an oscillator 
circuit. When a user touches the screen, the body capaci 
tance of the user causes a change in the impedance of the 
screen. The impedance change causes the oscillator frequen 
cies to vary, and the frequency differentials are converted 
into a corresponding X-Y coordinate. 

[0006] The IR technology employs an array of infrared 
(IR) light emitting diode (LED)/photodetector pairs 
mounted in a frame. In operation, the LED/photodetector 
array is continuously and sequentially scanned horiZontally 
and then vertically. When a user touches the display break 
ing one or more of the light beams, the X-Y position of the 
touch can be transmitted to a controller or host computer. In 
order to increase the maXimum resolution of an IR touch 
screen to approximately double the number of LED/photo 
detector pairs, an interpolation technique can be employed. 
Using interpolation, When an odd number of beams is 
broken along either aXis, the X or Y coordinate of the center 
beam is transmitted, but When an even number of beams is 
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broken, the coordinates of the interpolated beam are calcu 
lated and transmitted to the host computer. 

[0007] Today, most commercial acoustic touch screen 
systems employ surface acoustic Waves (SAWs) as the 
acoustic mode propagating in a faceplate, although other 
modes can be used, such as horiZontally or transversely 
polariZed shear Waves. In one particular type of SAW touch 
screen system (sometimes referred to as the Adler system), 
the presence and location of a ?nger or stylus on a faceplate 
is determined based on disruption of one or more SAWs 
propagating on the screen. This method propagates a SAW 
on one side of the faceplate in a beam that is near an edge 
of the screen. A series of re?ectors, Which can be gratings, 
are located along the edge of the screen, each of Which 
re?ects a portion of the energy across the faceplate at about 
90° relative to the edge and the direction in Which the beam 
is traveling. The density of re?ectors is varied so that the 
amplitude of the signals propagating across the faceplate is 
nearly constant. A second set of re?ectors are located at the 
opposite edge of the screen, Which re?ect the SAW into a 
beam propagating substantially parallel to the edge. The 
spacing of the re?ectors is chosen so that the multiple beams 
propagating across the faceplate cover substantially the 
entire surface. The arrival time of the various beams at the 
receiving transducer increases monotonically as the total 
path length increases. 

[0008] By Way of illustration, When a ?nger or other object 
contacts the screen, it interrupts the SAW causing a decrease 
in the received amplitude corresponding to the position of 
the ?nger or object. As a result, this approach bases detection 
on the blockage or disruption of a transmitted SAW and on 
the spacing of the multiplicity of beams for spatial resolu 
tion. 

SUMMARY 

[0009] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an extensive 
overvieW of the invention. It is intended to neither identify 
key or critical elements of the invention nor delineate the 
scope of the invention. Its sole purpose is to present some 
concepts of the invention in a simpli?ed form as a prelude 
to the more detailed description that is presented later. 

[0010] The present invention provides system and method 
for implementing a touch screen system. The system 
includes a substrate having a surface and at least three 
acoustic Wave transducers at spaced apart locations. One or 
more transducers are operative to transmit an acoustic Wave 
that propagates along the substrate surface. The other trans 
ducers are operative to receive acoustic Waves that propa 
gate along the substrate surface. Acontrol system associated 
With at least the receiving transducers are operative to 
determine Which part of the substrate surface is perturbed, 
such as by a ?nger, a stylus, or other object. The location of 
the perturbation can be determined based on When the 
acoustic Wave is transmitted and When a corresponding 
acoustic Wave is received at each of the second and third 
transducers, Which corresponding Wave Was re?ected or 
scattered from the part of the substrate surface that Was 
perturbed. 
[0011] In accordance With a particular aspect of the 
present invention, time delays betWeen transmission of the 
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acoustic Wave and receipt of the corresponding acoustic 
Wave at the other transducers de?ne respective ellipses. An 
intersection betWeen such ellipses corresponds to a location 
of the part of the substrate surface that Was perturbed. Thus, 
by detecting the time delays betWeen transmission and 
receipt of acoustic Waves relative to the transducers, coor 
dinates on the substrate surface can be determined for each 
perturbation. 
[0012] Another aspect of the present invention provides a 
method, Which can be implemented as hardWare and/or 
softWare, to discern a location at Which a surface of a 
substrate is perturbed. The method includes transmitting an 
acoustic Wave that propagates across a substrate surface. An 
acoustic Wave is detected at tWo or more transducers. A?rst 
time value is set to a time delay betWeen When the acoustic 
Wave is transmitted and the detection at one of the trans 
ducers and a second time value is set to a time delay betWeen 
When the acoustic Wave is transmitted and the detection at 
another of the transducers. An indication of the location at 
Which a surface of a substrate is perturbed, thus, can be 
determined based on the ?rst and second time values. 

[0013] To the accomplishment of the foregoing and related 
ends, certain illustrative aspects of the invention are 
described herein in connection With the folloWing descrip 
tion and the anneXed draWings. These aspects are indicative, 
hoWever, of but a feW of the various Ways in Which the 
principles of the invention may be employed and the present 
invention is intended to include all such aspects and their 
equivalents. Other advantages and novel features of the 
invention Will become apparent from the folloWing detailed 
description of the invention When considered in conjunction 
With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an eXample of a touch screen system in 
accordance With an aspect of the present invention; 

[0015] FIG. 2 is a schematic block diagram of a touch 
screen system in accordance With an aspect of the present 
invention; 
[0016] FIG. 3 is an eXample of a touch screen system, 
illustrating an acoustic Wave from a transducer propagating 
across the surface of the screen in accordance With an aspect 
of the present invention; 
[0017] FIG. 4 is an eXample of the touch screen system of 
FIG. 3, illustrating an acoustic Wave scattering from a 
perturbation and propagating across the surface of the screen 
in accordance With an aspect of the present invention; 

[0018] FIG. 5 is a side sectional vieW of part of a touch 
screen, in accordance With an aspect of the present inven 
tion, taken along line 5-5 of FIG. 4; 

[0019] FIG. 6 is an eXample of a touch screen system, 
illustrating acoustic Waves from transducers propagating 
across the surface of the screen in accordance With an aspect 
of the present invention; 
[0020] FIG. 7 is an eXample of the touch screen system of 
FIG. 6, illustrating acoustic Waves scattering from a pertur 
bation and propagating across the surface of the screen in 
accordance With an aspect of the present invention; 

[0021] FIG. 8 is a How diagram illustrating an eXample of 
a methodology for detecting a location of a screen pertur 
bation in accordance With an aspect of the present invention; 
and 
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[0022] FIG. 9 is a How diagram illustrating an eXample of 
a methodology for generating a look up table, Which can be 
used With touch screen systems in accordance With an aspect 
of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] The present invention provides a system and 
method of implementing a surface acoustic Wave touch 
screen. A plurality (e.g., three or more) of acoustic Wave 
transducers are coupled to a substrate at predetermined 
spaced apart locations. At least one of the transducers is 
operative to emit an acoustic Wave that propagates through 
the substrate, With the other transducers operating as receiv 
ers of acoustic Waves. The receivers are coupled to a control 
system that is operative to determine a location at Which the 
substrate is perturbed based on the times associated With 
travel of an acoustic Wave from a transmitter, to the location 
of the perturbation, and from the perturbation to each of the 
receivers. 

[0024] While, for simplicity of explanation, the folloWing 
eXamples are described With respect to surface acoustic 
Waves (SAWs) propagating across the substrate, those 
skilled in the art Will understand and appreciate that other 
types and/or modes of Waves could be propagated relative to 
the substrate in accordance With an aspect of the present 
invention. For eXample, other Wave types in the family of 
plate Waves or Lamb Waves could be utiliZed in implement 
ing a touch screen system in accordance With an aspect of 
the present invention. 

[0025] FIG. 1 illustrates a touch screen system 10 in 
accordance With an aspect of the present invention. The 
system 10 includes a substrate 12 of a material having a 
generally loW acoustic attenuation to facilitate propagation 
of acoustic Waves relative to the substrate. In accordance 
With a particular aspect, the acoustic Waves are surface 
acoustic Waves (SAWs) that propagate along a surface of the 
substrate 12. By Way of eXample, the substrate 12 could be 
formed of soda-lime glass, borosilicate glass, a croWn glass, 
a barium-containing glass, a strontium-containing glass, a 
boron-containing glass, and a glass laminate capable of 
supporting acoustic propagation. The substrate 12 also could 
be formed of a ceramic material, aluminum or an alloy 
thereof, a coated aluminum substrate capable of supporting 
SAW propagation, a loW-acoustic-loss polymer, or the like. 

[0026] A plurality of acoustic Wave transducers 14, 16, 
and 18 are acoustically coupled to the substrate 12. The 
transducers 14, 16, and 18 also are coupled to a control 
system 20. The transducers 14, 16, and 18, for eXample, 
include pieZoelectric elements and other associated circuitry 
for transmitting and/or receiving SAW relative to the sub 
strate 12. Those skilled in the art Will understand and 
appreciate various types of pieZoelectric materials that could 
be utiliZed in the transducers 14, 16, and 18 in accordance 
With an aspect of the present invention. 

[0027] In the eXample of FIG. 1, the transducer 14 is 
con?gured as a transmitter operative to convert an electrical 
signal into a mechanical signal that propagates as a SAW 
along the surface of the substrate 12. The other transducers 
16 and 18 are con?gured as receivers operative to receive 
SAWs, convert the SAW into an electrical signal, and 
provide the control system 20 information indicative of the 
received SAWs. 
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[0028] The control system 20 is programmed and/or con 
?gured to control operation of the system 10 in accordance 
With an aspect of the present invention. By Way of illustra 
tion, the control system 20 includes a microprocessor and 
memory. The memory can include read only memory 
(ROM), random access memory (RAM), and/or other stor 
age types of storage. The memory serves to store program 
code executed by the processor for carrying out operating 
functions of the system 10 as described herein. The memory 
also serves as a storage medium for temporarily storing 
information, such as control data, position coordinate tables, 
data mapping coordinates With Wave travel time, and algo 
rithms that may be employed in carrying out the present 
invention. 

[0029] By Way of illustration, the control system 20 con 
trols the transducer 14 to transmit a SAW 22 that propagates 
across the surface of the substrate 12. The control system 20 
can control the transducer 14 to transmit the SAW 22 
periodically at a ?xed rate or at controlled intervals. The 
SAW 22 also has a frequency greater than about 300 KHZ, 
such as from about 1 to about 5 MHZ or greater. It is to be 
appreciated, hoWever, that the present invention is not 
limited to any particular frequency of SAW. 

[0030] The transducer 14 is con?gured to emit the SAW 
22 With a broad diffraction angle, such that the SAW can 
directly propagate across substantially the entire surface of 
the substrate 12, excluding re?ection. For the illustrated 
example Where the transducer 14 is located along a side edge 
of the substrate 12, the diffraction angle should be near 180 
degrees. Alternatively, the transducer 14 could be located at 
a corner of the substrate 12, in Which case the diffraction 
angle should be about 90 degrees With the SAW 22 emitted 
at about 45 degrees relative to the adjacent side edges that 
meet to de?ne the corner. The diffraction angle can be 
con?gured by providing an aperture through Which the SAW 
22 is transmitted, Which aperture is siZed as a function of the 
Wavelength (or frequency) of the SAW to provide the 
desired diffraction angle. 

[0031] When the substrate surface is perturbed, such as at 
location 24, the SAW 22 contacts the object at 24, Which 
could be a ?nger, a stylus or any other object that might be 
employed to touch the surface of the substrate 12. As the 
direct SAW 22 contacts the object at 24, part of the SAW 
scatters or re?ects from the object. The re?ected or scattered 
SAWs are illustrated at 26. The re?ected SAW 26 travels 
generally radially from the location of the perturbation 24 to 
the other transducers 16 and 18. 

[0032] In accordance With an aspect of the present inven 
tion, the location of the perturbation at 24 relative to the 
substrate 12 can be determined as a function of the time for 
the SAW 22 to travel from the transducer 14 to the location 
of the perturbation at 24 and from the location 24 to each of 
the other transducers 16 and 18. Speci?cally, the time for the 
SAW 22 to travel from the transducer 14 and re?ect from the 
object at 24 as SAW 26 and reach the transducer 16 de?nes 
a ?rst ellipse 30, in Which the transducers 14 and 16 are the 
foci of the ellipse. Similarly, a second ellipse 32 is de?ned 
by the time of travel for the SAW 22 and SAW 26 re?ected 
from the object at 24 to the transducer 18. The transducers 
14 and 18 are foci of the ellipse 32. The intersection of the 
ellipses 30 and 32 de?nes the location of the perturbation 24. 
As a result, coordinates on the substrate surface (e.g., a touch 
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point) can be discerned as a function of the time delays for 
an emitted SAW 22 to re?ect from a location at Which the 
substrate 12 is perturbed and reach the other respective 
transducers 16 and 18. 

[0033] The transducers 16 and 18 provide signals to the 
control system 20 indicative of SAWs received by each of 
the transducers. It is to be appreciated that because the 
relative location of the transducers 14, 16 and 18 are ?xed 
relative to the substrate, the direct SAW 22 provided by the 
transducer 14 Will reach each of the transducers 16 and 18 
at a time prior to the re?ected or scattered SAWs 26 and 28, 
respectively. Consequently, the electrical signals corre 
sponding to a ?rst SAW detected after transmission by the 
transducer 14 can be ignored. Similarly, any SAWs re?ected 
from a perimeter portion of the substrate 12 typically Will 
reach transducers 16 and 18 subsequent to the SAW 26 
re?ected by an object 24 at an interior location of the 
substrate surface. Thus, re?ected SAWs that arrive at the 
transducers 16 or 18 outside of predetermined time WindoW 
also can be ignored. 

[0034] In order to mitigate re?ection from the perimeter 
portion of the substrate, a suitable dampening material can 
be applied along the perimeter portion of the substrate 12. 
Such a material should have a high acoustic attenuation and 
acoustic impedance similar to the substrate 12 through 
Which the SAWs propagate. By Way of illustration, the 
material can be a Wax material, such as is commercially 
available from ApieZon, Which is a business unit of M&I 
Materials Ltd., a company located in Manchester, United 
Kingdom. 
[0035] FIG. 2 illustrates a schematic block diagram of a 
touch screen system 100 in accordance With an aspect of the 
present invention. The system 100 includes a plurality of 
transducers 102, 104 and 106 operatively coupled to a 
substrate 108. The substrate 108, for example, is con?gured 
as a generally ?at or curved plate having a surface 110 that 
provides a medium across Which surface acoustic Waves can 
propagate. Each of the transducers 102, 104, 106 can be 
attached to a surface 112 of the substrate 108 opposite the 
surface 110. The transducers 102, 104, and 106 typically 
include pieZoelectric elements con?gured to convert an 
electrical signal into mechanical stress and/or mechanical 
stress into an electrical signal. 

[0036] In this example, transducer 102 is con?gured as a 
transmitter that is operative to transmit a longitudinal Wave 
to the substrate 108. The longitudinal Wave travels trans 
versely through the substrate 108 and contacts a grating 114 
located adjacent the surface 110. The grating 114 is con?g 
ured and oriented to re?ect or redirect the longitudinal Wave 
from the transducer 102 about 90 degrees and convert the 
longitudinal Wave to a SAW. The transducer 102 and grating 
114 are con?gured such that the resulting SAW propagates 
across substantially the entire surface 110 of the substrate 
108. By Way of example, the transducer 102 includes a 
Wedge-shaped pieZoelectric element located at a corner of 
the substrate 108 and operative to direct the SAW at about 
a forty-?ve degree angle relative to the adjacent side edges 
and With a diffraction angle of about ninety degrees. 

[0037] The transducer 102 is electrically coupled to a 
pulse generator 116. The pulse generator 116 is programmed 
and/or con?gured to electrically energiZe the transducer 102 
to cause the transducer to transmit the longitudinal Wave at 
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a desired rate, intermittently or periodically. The pulse 
generator 116 is operatively coupled to a control system 118 
through a digital-to-analog (D/A) converter 120. 

[0038] The transducers 104 and 106 also are operatively 
coupled to the control system 118. In particular, the trans 
ducers 104 and 106 are coupled to ampli?er systems 122 and 
124, respectively. Each of the ampli?ers 122 and 124 is 
con?gured to amplify the electrical signals provided by the 
respective transducers 104 and 106 in response to sensing a 
SAW traveling across the surface 110 of the substrate 108. 
Similar to the association of the transducer 102 relative to 
the substrate 108, the transducers 104 and 106 are opera 
tively coupled to the side 112 With respective gratings 126 
and 128 disposed above associated pieZoelectric elements of 
the respective transducers. Thus, as a SAW propagating 
across the surface 110 reaches the gratings 126 and 128 such 
SAWs are directed as longitudinal Waves to the transducers 
104 and 106. The transducers 104 and 106, in turn, convert 
the acoustic Waves into electrical signals indicative of the 
Waves received at the transducers. The electrical signals are 
provided to the respective ampli?er systems 122 and 124. 
The ampli?ers 122 and 124 are respectively coupled to the 
control system 118 through associated analog-to-digital 
(A/D) converters 130 and 132. 

[0039] The control system 118 is programmed and/or 
con?gured to control operation of the system 100. To control 
operation of the pulse generator 116, for eXample, the 
control system 118 includes a system clock 134 and a 
programmable timing system 136. The system clock 134, for 
eXample, emits clock pulses according to a preprogrammed 
clock rate. The clock signal is provided to the timing system 
136. The timing system 136 is programmed to activate the 
transducer 102 at a desired rate. Thus, the timing system 136 
provides an electrical signal to the D/A converter 120 to 
activate the pulse generator 116 to supply desired electrical 
energy to the transducer 102. The timing system 136 is 
programmed and/or con?gured to intermittently cause the 
pulse generator to activate the transducer 102 at a desired 
rate, such as based on a predetermined number of clock 
cycles. Alternatively, the pulse generator 116 could be 
programmed to activate the transducer 102 to transmit the 
acoustic Wave at a desired rate, such as based on an internal 
clock. 

[0040] The control system 118 also includes detector 
systems 138 and 140 that receive the ampli?ed signals from 
the respective transducers 104 and 106. Each of the detector 
systems 138, 140 also receives the output of the timing 
system 136, Which provides an indication of the start time 
(time Zero) When the transducer 102 transmits the SAW. 
Alternatively, such an indication can be obtained directly 
from the pulse generator 116. Accordingly, each of the 
detector systems 138 and 140 is programmed and/or con 
?gured to determine time delays for an acoustic Wave to 
travel from the transducer 102 to an object contacting the 
substrate surface 110 and scatter or re?ect to each of the 
respective transducers 104 and 106. Because the locations of 
the transducers 102, 104 and 106 relative to the substrate 
108 are ?Xed, a direct SAW transmitted from the transducer 
102 reaches the other transducers 104 and 106 in a generally 
constant time period for each transmission, Which is prior to 
receipt of any re?ected Waves. Accordingly, the detectors 
138 and 140 can ignore an initial electrical signal for each 
activation of the transducer 102, such as by implementing a 
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suitable ?lter (e.g., hardWare and/or softWare). Thus, only 
the second Wave need be considered as a potential pertur 
bation of the substrate surface 110, Which Wave should 
arrive at each of the transducers 104 and 106 Within a 
predictable time WindoW. In order to further mitigate the 
effects of extraneous re?ected SAWs along the substrate 
surface 110, a suitable dampening material can be applied 
along a perimeter portion of the substrate 108. 

[0041] When the surface 110 is perturbed, such as by a 
?nger, a stylus or other object, the detectors 138 and 140 
provide output signals to a lookup table 142. The output 
signals from the detectors 138 and 140 provide an indication 
of time delays for a SAW to travel from the transducer 102, 
re?ect and/or scatter at a location at Which the substrate 
surface 110 is being perturbed, and reach each of the other 
respective transducers 104 and 106. The lookup table 142 
can be preprogrammed to provide an output that identi?es a 
location or tWo-dimensional coordinates 144 on the sub 
strate surface 110 corresponding to the location at Which the 
substrate surface 110 has been perturbed. 

[0042] For eXample, the lookup table 142 can be pro 
grammed With tWo matrices of time values. One matriX is 
operative to determine an X-coordinate and the other matriX 
is operative to determine the Y-coordinate associated With a 
touch point at the substrate surface 110. Both matrices 
receive as inputs the tWo time intervals (or delays) deter 
mined by the detectors 138 and 140 based on receipt of the 
scattered SAW at the transducers 104 and 106. The matrices 
employ the time intervals as indices to discern Which matriX 
elements de?ne the resulting coordinates 144 of the touch 
point. 
[0043] Alternatively, an algorithm model can be employed 
to calculate the coordinates in response to the time intervals 
determined by the detectors 138 and 140. 

[0044] By Way of further eXample, the lookup table 142 
can be programmed to de?ne matriX elements for each piXel 
on the screen of knoWn coordinates (X,y). The tWo time 
delays can be calculated using the Pythagorean theorem for 
the length of a right triangle’s hypotenuse in terms of the 
lengths of the other tWo sides. To facilitate processing, the 
calculated time delays are both truncated to integers to 
identify the indices of the corresponding matriX elements 
Which are then ?lled With the knoWn X and y values in the 
tWo matrices, respectively. This procedure is repeated for 
every piXel on the surface of the touch screen to ?ll out the 
lookup tables. Because truncation errors can cause some 
matriX elements to be ?lled out tWice and others not at all, 
the lookup table is analyZed and the empty elements are 
?lled by averaging (e.g., interpolation) based on the avail 
able nearest neighbor matriX elements that have not been 
patched in this manner. The averaging can be implemented 
horiZontally and/or vertically Within the matriX, as the gaps 
caused by truncation errors tend to appear in isolated (e.g., 
one element Wide) columns or roWs for a feW adjacent 
elements in a line, but usually not in a region of adjacent 
(side by side) columns or roWs. By calculating the time 
intervals in a reverse manner from piXel coordinates, the 
calculations and associated programming are facilitated. 

[0045] By Way of further eXample, the transducers 102 
and 104 are foci of a ?rst set of such elliptical paths and the 
transducers 102 and 106 are foci of a second set of such 
elliptical paths. An intersection betWeen a pair of elliptical 
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paths from each matrix is mapped to each pixel or a 
corresponding tWo-dimensional coordinate 144 associated 
With the substrate surface 110. The desired pixel siZe Will 
de?ne the resolution of the substrate surface 110. The 
coordinate 144 of the substrate surface further can be 
provided to a cursor mapping function 146 or to another 
output function that can be employed to implement desired 
action in response to a detected perturbation on the substrate 
surface 110. 

[0046] It Will be understood and appreciated by those 
skilled in the art that other methods can be employed to 
program a lookup table in accordance With an aspect of the 
present invention. For example, matrix elements could be 
calculated from knoWn time intervals, Which generally Will 
not require patching. Alternatively, the time values could be 
mapped to matrix elements that de?ne elliptical paths along 
the surface of the substrate. 

[0047] One matrix corresponds to ellipses associated With 
the transducer 104 and the other matrix corresponds to 
ellipses associated With the other transducer 106. An inter 
section betWeen the ellipses de?nes coordinates of the touch 
point. Yet another alternative could be a hybrid approach 
that employs part of the elliptical analysis in conjunction 
With lookup table method described in the preceding 
example. 
[0048] In another approach, one might desire to imple 
ment the system to be more CPU intensive, such as by 
implementing a coordinate determining algorithm to derive 
coordinates from the time data each time a touch is detected. 
By Way of example, a mathematical formula, such as a 
polynomial expansion, or an expansion of another type of 
basis function to approximate the mathematical surfaces 
represented by the X and Y matrices in the look up table. In 
such an implementation, the constant coef?cients of such 
basis functions need to be accurately determined to model 
the substrate surface. Because the surfaces to be approxi 
mated are mathematically smooth, the number of terms (eg., 
the constants to be stored in memory) that are required to 
achieve a desired pixel level accuracy Will be much smaller 
than the storage needed for a comparable lookup table. 
HoWever, this and other mathematical approaches typically 
required considerably more CPU processing to produce the 
coordinates than the lookup table approach described above. 

[0049] It is to be appreciated that the lookup table 
approach can be combined With a mathematical approach. 
For example, a loW resolution lookup table can be employed 
to provide a ?rst approximation to the solution. The CPU 
then can be programmed to interpolate or calculate a better 
ansWer by employing a suitable numerical method, such as 
described above. The lookup table further could be utiliZed 
to determine and test the algorithms used in the mathemati 
cal approach and/or set of expansion coefficients that can 
deliver desired results With pixel accuracy. Those skilled in 
the art Will understand and appreciate that the particular 
manner in Which the x and y coordinates are determined thus 
can depend on design considerations, including CPU capac 
ity and available memory storage. 

[0050] In order to mitigate detection of undesired objects, 
such as a liquid droplet, as an intended perturbation, a sheet 
150 of an elastically deformable material can be positioned 
over the substrate surface 110 in accordance With an aspect 
of the present invention. The sheet 150, for example, can be 
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a microsheet of a glass material. The sheet 150 can have a 
thickness ranging from about 30 pm to about 300 pm 
although other thicknesses could be utiliZed in accordance 
With an aspect of the present invention. 

[0051] By Way of illustration, the sheet 150 can rest on 
dust particles (from ambient air) or ?ne poWder particles that 
are distributed over the substrate surface 110. The air gap 
created by the particles prevents coupling betWeen the SAW 
and the sheet 150 When no perturbations occur. When the 
sheet 150 is urged toWard the substrate 108 With suf?cient 
force, such as by a ?nger, a stylus or other object, the sheet 
operates as a membrane that deforms locally and is forced 
against the substrate surface 110. The contact betWeen the 
sheet 150 and the substrate surface 110 leads to scattering of 
the acoustic energy of a SAW transmitted by the transducer 
102. When the force is removed from the elastically deform 
able sheet 150, the sheet returns to its starting position. 

[0052] The acoustic scattering process is similar to that 
produced by a ?nger or other object pressed directly on the 
substrate surface 110. HoWever, the sheet 150 typically is 
formed of a material that has an acoustic impedance that 
more closely matches that of the surface 110. This facilitates 
a stronger interaction With the SAW (e.g., sound energy 
passing from the substrate into the sheet 150). The energy 
lost from the substrate 108 into the sheet 150 results in larger 
acoustic scattering and/or re?ection. It is the scattered SAW 
that is detected at transducers 104 and 106, in contrast to a 
conventional touchscreen that detects the absorption of 
energy at the touch point. The scattered acoustic Waves 
result because of energy that is coupled into the sheet 150 or 
other object that contacts the substrate surface 110. There 
fore, by constructing the sheet of a material that has an 
acoustic impedance that substantially matches the substrate 
108, the transfer of energy from the substrate surface 110 to 
the sheet is facilitated. Consequently, the locally deformed 
part of the sheet 150 Will scatter a larger fraction of the 
incident energy When compared to an object having a greater 
propensity to absorb acoustic energy (eg., a ?nger). As a 
result, the sheet 150 can help increase the amplitude of the 
scattered SAW relative to an amplitude in a situation Where 
a softer object is employed to directly contact the substrate 
surface 110. 

[0053] Further, When an object, such as a ?nger or stylus, 
is pressed on the microsheet 150, the elastic deformation of 
the microsheet produces a substantially uniform contact area 
on the substrate surface 110 that tends to average out any 
irregularities. This produces an acoustic scattering pattern 
that is more angularly uniform than that provided by a ?nger 
or other generally soft object that could perturb the substrate 
108. 

[0054] The sheet 150 also helps shield the substrate sur 
face 110 from liquid or other substances that could fall on to 
and/or remain at the surface. It is to be appreciated that, 
alternatively or additionally, the control system 118 could 
implement additional softWare to check for constant inter 
ruptions and produce a map of corresponding blind spots. 
HoWever, even With such softWare, there might a blind spot 
on the faceplate until the 30 liquid droplet is removed. Thus, 
by employing a faceplate in accordance With an aspect of the 
present invention, there Will be no blind spots on the 
faceplate that must be mapped out in softWare. 

[0055] FIGS. 3 and 4 illustrate an example of touch 
screen system 200 in accordance With an aspect of the 
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present invention. The system 200 includes a substrate 202, 
such as a faceplate, having a surface 204 along Which SAWs 
can propagate. The substrate 202 can be formed of any 
suitable material to facilitate propagation of SAWs and other 
modes of plate Waves. 

[0056] A plurality of acoustic Wave transducers 206, 208, 
and 210 are located at different corners of the substrate 202. 
In the example of FIGS. 3 and 4, the transducer 206 
operates as a transmitter and the other transducers 208 and 
210 operate as receivers. The transducers 208 and 210 are 
located at diagonally (or diametrically) opposed corners of 
the substrate 202. While the example of FIGS. 3 and 4 
depicts three transducers at respective corners, it is to be 
understood and appreciated that other numbers of transduc 
ers could be utiliZed and/or positioned at different spaced 
apart locations near the perimeter of the substrate 202. It is 
to be appreciated that, alternatively, tWo of the transducers 
208 and 210 could operate as transmitters and the other 
transducer 206 as a receiver. 

[0057] By Way of illustration, the transducers 206, 208, 
and 210 are oriented to transmit and/or receive SAWs at 
about 450 relative to the adjacent edges at respective corners 
of the substrate 202. In addition, the each of the transducers 
206, 208, and 210 is con?gured to have a diffraction angle 
that is about 90°. For example, each of the transducers 206, 
208, and 210 has a small aperture selected as a function of 
the Wavelength (or frequency) of the SAWs being transmit 
ted by the transducer 206. As a result, the transducer 206 can 
propagate a SAW across the surface 204 that covers sub 
stantially the entire surface. The other transducers 208 and 
210, in turn, can receive signals arriving from a large range 
of angles. The spatial resolution of the touch screen system 
200 is functionally related to the Wavelength of the SAW 
transmitted by the transducer 206. 

[0058] In order mitigate interference from previous SAW 
transmissions, the edges of the substrate 202 also can be 
damped, such as by application of a suitable damping 
material 212 disposed near the perimeter of the substrate in 
accordance With an aspect of the present invention. The 
damping material 212 has a high acoustic attenuation and 
acoustic impedance similar to the substrate 202. 

[0059] As mentioned above, the transducer 206 is con 
trolled to transmit an acoustic Wave that propagates as a 
SAW 214 across the substrate surface 204 in a direction 
indicated at 216. For purposes of simplicity of illustration, 
the SAW 214 is illustrated at different times t1, t2, t3 during 
its propagation in the direction 216. When the substrate 
surface 204 (or a microsheet over the surface) is perturbed 
at a location 218, the SAW 214 contacts the object at about 
time t3. The direct SAW from the transducer 206 continues 
to propagate across the surface 204 until it strikes the edges 
of the substrate 202, Which results in the SAW being 
absorbed and/or re?ected depending on the con?guration at 
the edges. The direct SAW 214 also arrives at the other 
transducers 208 and 210 at times according to their distance 
relative to the transmitting transducer 206. Because the time 
the direct SAW 214 arrives at the transducers 208 and 210 
is substantially ?xed relative to the transmission time 
(assuming a constant frequency of SAW from the transducer 
206), such signals can be ignored. 

[0060] Referring noW to FIG. 4, When the direct SAW 214 
arrives at the perturbation location 218, the part of the SAW 
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striking the perturbing object is scattered and/or re?ected, 
indicated as SAW 220. The SAW 220 propagates in a 
radially outWardly direction aWay from the location 218, 
indicated at 222. In FIG. 4, the SAW 220 is illustrated at 
different times t4, t5, t6, t7 and t8 during its radial propa 
gation aWay from the location 218. As previously men 
tioned, the direct SAW 214 from the transducer arrives at 
each of the transducers 208 and 210 prior to the re?ected 
and/or scattered SAW 220. 

[0061] At time t7, the SAW 220 reaches the transducer 
210. The transducer 210, in turn, converts the SAW into a 
signal having an electrical characteristic indicative of the 
SAW 220 received by the transducer. Because the SAWS 
214 and 220 propagate at a substantially constant speed 
relative to the substrate, the time t7 can be employed to 
de?ne an ellipse. In particular, the ellipse includes the 
transducers 206 and 210 (located at the corners) as foci. The 
location 218 corresponds to a point along the respective 
ellipse. Because the transducers 206 and 210 (e.g., the foci) 
are oriented horiZontally relative to FIG. 4, the major axis 
of the ellipse also is oriented horiZontally. 

[0062] At time t8, Which is subsequent to t7, the SAW 220 
then arrives at the transducer 208. The transducer 208 
converts the SAW 220 into a signal having an electrical 
characteristic indicative of the SAW 220. The time t8 at 
Which the SAW 220 arrives at the transducer 208 further 
de?nes a second ellipse having the transducers 206 and 208 
as foci. The location 218 is a point along the second ellipse. 
Because the location at Which the surface 204 Was perturbed 
corresponds to unique points along tWo ellipses, the inter 
section of such ellipses de?nes the location 218 in tWo 
dimensions. 

[0063] Therefore, every pixel of the substrate surface 204 
can be mapped to tWo or more unique sets of ellipses. In the 
example, of FIGS. 3 and 4, every pixel or touch point on the 
surface 204 maps to one uniquely de?ned pair of ellipses 
having substantially perpendicular major axes. For each 
ellipse of a unique pair of ellipses, the position of the tWo 
foci (e.g., the transmitter 206 and one of the receivers 208, 
210) plus the measured Wave propagation time, Which 
translates to a distance measurement, de?nes one ellipse. 

[0064] In the example of FIGS. 3 and 4, in Which one 
transducer 206 operates as a transmitter and tWo transducers 
208 and 210 operate as receivers, a ?rst set of ellipses has 
foci at the transducers 206 and 210 and a second set of 
ellipses has foci at the transducers 206 and 208. Conse 
quently, time values thus can be determined for a multiplic 
ity of ellipses in each set. Pixel coordinates further can be 
mapped to the time values, such that an intersection betWeen 
ellipses from each set of ellipses corresponds to a location at 
Which the substrate surface 204 Was perturbed. The time 
values and pixel coordinates for the ellipses further can be 
stored as a look up table in memory, such as ROM. 

[0065] FIG. 5 illustrates a partial cross section taken along 
line 5-5 of FIG. 4, Which depicts a sheet 226 of an elastically 
deformable material overlying the surface 204 of the sub 
strate 202 in accordance With an aspect of the present 
invention. The sheet 226 can rest on dust particles (from 
ambient air) or ?ne poWder particles distributed over the 
surface 204. The particles create an air gap 228 that inhibits 
coupling betWeen the SAW and the sheet 226 in the absence 
of the surface 204 being perturbed. The dust particles can be 
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introduced between the sheet 226 and the substrate surface 
204 by applying the sheet onto the substrate 202 in an 
ordinary manufacturing environment. Alternatively, if the 
system 200 is fabricated in a clean environment, ?ne poWder 
particles could be manually introduced betWeen the sheet 
226 and the substrate 202. The damping material 212 also 
can be employed betWeen the sheet 226 and the substrate 
202 helps to create the air gap 228. By Way of example, the 
sheet 226 can be formed of a microsheet of glass material 
(e.g., Pyrex) having a thickness ranging from about 30 pm 
to about 300 pm, although other thicknesses could be 
utiliZed in accordance With an aspect of the present inven 
tion. 

[0066] The sheet 226 provides a membrane that can be 
deformed locally so as to engage the substrate surface 204. 
The contact betWeen the sheet 226 and the surface 204 
scatters acoustic energy of a SAW transmitted by the trans 
ducer 206, Which is similar to that produced by a ?nger or 
other object pressed directly on the substrate surface 204. In 
accordance With an aspect of the present invention, the sheet 
226 has an acoustic impedance that substantially matches 
the substrate surface. As a result, energy loss from the SAW 
216 (FIG. 3) to the sheet 226 is facilitated When the sheet 
contacts the surface 204, thereby increasing the amplitude of 
the scattered Wave 220 (FIG. 4). That is, the locally 
deformed part of the sheet 226 tends to scatter a larger 
fraction of the incident energy When compared to an object 
having a greater propensity to absorb acoustic energy (e.g., 
a ?nger). As a result, the use of the overlying sheet 226 can 
increase the amplitude of the scattered SAW When compared 
to permitting a ?nger or other obj ect to perturb a SAW on the 
surface 204 (eg it can increase the signal amplitude by 7 to 
10 dB. The elastic deformation of the sheet 226 also 
produces a substantially uniform contact area on the sub 
strate surface 110 that tends to average out irregularities, 
e.g., smoothing its angular distribution. In addition, the sheet 
226 also helps protect the substrate surface 204 from liquid 
or other substances that could fall on to and/or remain on the 
surface. 

[0067] FIGS. 6 and 7 illustrates another example of touch 
screen system 250 that could be implemented in accordance 
With an aspect of the present invention. The system 250 
includes a substrate 252, such as a faceplate, having a 
surface 254 along Which SAWs can propagate. The substrate 
252 can be formed of any suitable material to facilitate 
propagation of SAWs and other modes of plate Waves, such 
as described herein. 

[0068] A plurality of acoustic Wave transducers 256, 258, 
and 260 are located at different corners of the substrate 252. 
In the example of FIGS. 6 and 7, the transducers 256 and 
258 operate as transmitters and the other transducer 260 
operates as a receiver. The transducers 256 and 258 are 
located at diagonally (or diametrically) opposed corners of 
the substrate 252. 

[0069] In order mitigate interference from previous SAW 
transmissions, the edges of the substrate 252 also can be 
damped, such as by application of a suitable damping 
material 262 near a perimeter of the substrate in accordance 
With an aspect of the present invention. The damping 
material 262 has a high acoustic attenuation and acoustic 
impedance similar to the substrate 252. 

[0070] The transducers 256 and 258 are controlled to 
transmit acoustic Waves concurrently as pulses that propa 
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gate as respective SAWs 264 and 266 across the substrate 
surface 254. By Way of example, the transducers can be 
controlled to transmit the SAWs substantially simulta 
neously, e.g., at time Zero. Each of the SAWs 264, 266 is 
illustrated at different times t1, t2, t3 during its propagation. 
The SAW 264 propagates across the substrate surface 254 in 
the direction 268 and the SAW 266 propagates in the 
direction 270. As mentioned above With respect to FIGS. 3 
and 4, the transducers 256, 258, and 260 are con?gured to 
transmit and/or receive SAWs at about 45° and With a 
diffraction angle of about 9020 .As a result, the transducers 
256 and 258 can propagate SAWs across substantially the 
entire surface 254. The receiving transducer 260 also can 
receive signals arriving from a large range of angles. 

[0071] In the example of FIGS. 6 and 7, the substrate 
surface 254 (or a microsheet over the surface) is perturbed 
at a location 272 (e.g., a touch point). Due to the relative 
distance betWeen the location 272 and the transmitters 256 
and 258, the SAW 264 arrives at the location 272 at about 
time t3 and the SAW 266 arrives at a later time (not shoWn). 
It is to be appreciated that the direct SAWs 264 and 266 Will 
contact the location 272 at respective times based on the 
distance betWeen the location and the respective transducers 
256 and 256. A portion of the direct SAWs 264 and 268 
continue to propagate across the surface 254 until they strike 
the edges of the substrate damping material 262 at the edges. 
The direct SAWs 264 and 266 also arrive at the other 
transducer 260 at times according to its distance relative to 
the respective transmitting transducers 256 and 258. 
Because each of the direct SAWs 264 and 266 arrives at the 
transducer 260 at substantially ?xed times relative to the 
transmission, such signals can be ignored. 

[0072] FIG. 7 illustrates SAWs 276 and 278 that scatter in 
a radially outWard direction (indicated at 280) from the 
location 272 in response to the respective direct SAWs 264 
and 266 contacting the object (e.g., ?nger, stylus, microsheet 
cover, etc.). The scattered SAWs 276 and 278 result from 
energy being absorbed by a microsheet cover or other object 
that contacts the substrate surface at 272. It is time associ 
ated With When the scattered SAWs 276 and 278 are detected 
at transducer 260, in contrast to a conventional touchscreen 
that detects the absorption of energy at the touch point, 
Which is used to determine the location of the touch point 
272. 

[0073] In FIG. 7, the SAWs 276 and 278 are illustrated at 
different times t4, t5, and t6 during their radial propagation 
aWay from the location 272. As previously mentioned, the 
direct SAWs 264 and 268 from the respective transducers 
256 and 258 arrive at the transducer 260 prior to the 
corresponding re?ected and/or scattered SAWs 276 and 278. 
The distance betWeen the scattered SAWs 276 and 278 
remains substantially constant and is functionally related to 
the distance betWeen the respective transmitters 256 and 258 
relative to the location being perturbed 272. The distance 
betWeen the SAWs 276 and 278 results in associated time 
delays from Which the coordinates of the location 272 can be 
determined in accordance With an aspect of the present 
invention. 

[0074] In the example of FIG. 7, the SAW 276 reaches the 
transducer 260 at time t6. The transducer 260, in turn, 
converts the SAW into a signal having an electrical charac 
teristic indicative of the SAW 276 received by the trans 
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ducer. The SAW 278 arrives at the transducer 260 at a time 
t7=t6+tde1ay, Which is converted into another electrical signal 
indicative thereof. The scattered SAWs 276 and 278 can be 
determined to arrive at the transducer 260 Within a predict 
able time WindoW relative to transmission time Zero, Which 
can be employed to facilitate gating the electrical signals 
corresponding to the scattered SAWs Within such WindoW. 
The times t6 and t7 can then be employed to derive an 
indication of the relative position or coordinates of the 
perturbation 272. For example, the determination of the 
coordinates of the location 272 on the substrate surface 254 
can be determined by employing a lookup table, by calcu 
lations, or by empirical modeling, such as described herein. 

[0075] By employing more than one transmitter and one 
receiver, it Will be appreciated that the overall cost of such 
a system 250 could be reduced, as amplifying and gating 
incoming signals is generally more expensive than generat 
ing and delaying the outgoing pulse or pulses from the 
transmitting transducers 256 and 258. 

[0076] In vieW of the foregoing structural and functional 
features described above, methodologies that may be imple 
mented in accordance With the present invention Will be 
better appreciated With reference to FIGS. 8 and 9. While, 
for purposes of simplicity of explanation, the methodologies 
of FIGS. 8 and 9 are shoWn and described as executing 
serially, it is to be understood and appreciated that the 
present invention is not limited by the illustrated order, as 
some aspects could, in accordance With the present inven 
tion, occur in different orders and/or concurrently With other 
aspects from that shoWn and described herein. Moreover, not 
all illustrated features may be required to implement a 
methodology in accordance With an aspect the present 
invention. It is further to be appreciated that much or all of 
the folloWing methodologies can be implemented as com 
puter-executable instructions, such as softWare stored in a 
computer-readable medium or as hardWare or as a combi 

nation of hardWare and softWare. 

[0077] FIG. 8 illustrates a methodology for implementing 
a touch screen system in accordance With an aspect of the 
present invention. In general, a plurality of acoustic Wave 
transducers are operatively coupled to a substrate and are 
controlled to implement the folloWing methodology. The 
methodology begins at 300 in Which general initialiZations 
occur, such as in connection With activating an associated 
user interface. Such initialiZations can include allocating 
memory, establishing pointers, establishing data communi 
cations, acquiring resources, instantiating objects and setting 
initial values for variables. At 300, poWer also can be 
provided to associated circuitry to enable transmission and 
detection of acoustic Waves (e.g., SAWs) in accordance With 
the present invention. 

[0078] At 310, an acoustic Wave is transmitted. By Way of 
illustration the acoustic Wave is a SAW that can propagate 
across the substantially entire surface of the substrate. The 
acoustic Wave can be transmitted at a predetermined rate and 
have a desired Wavelength or frequency to facilitate desired 
propagation across the substrate. For example, the acoustic 
Wave can have frequency of about 1 MHZ to about 5 MHZ, 
or greater. 

[0079] Next at 320, one or more respective timers asso 
ciated With tWo or more receiver transducers (SENSOR 1 
and SENSOR 2) are synchroniZed (or initialiZed) to the 
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transmission at 310. In this Way, the transmission at 310 
operates as time Zero for analysis of signals detected at 
SENSOR 1 and SENSOR 2. From 320, the methodology 
proceeds to 330 and to 340. The paths of the methodology 
associated With 330 and 340 correspond to functionality at 
different receiver transducers. While, for sake of brevity, the 
example of FIG. 8 illustrates tWo such paths corresponding 
to tWo respective transducers, identi?ed as SENSOR 1 and 
SENSOR 2, it is to be understood and appreciated that more 
than tWo sensor paths could be utiliZed, such as When more 
than tWo sensors are employed to implement a methodology 
in accordance With an aspect of the present invention. 

[0080] At 330, a determination is made as to Whether an 
acoustic Wave has been detected (or received) at SENSOR 
1. When an acoustic Wave is detected, SENSOR I converts 
the Wave into a signal having an electrical characteristic 
indicative of the detected Wave. The electrical signal can be 
analyZed to ascertain the properties of the detected Wave. If 
SENSOR 1 detects a Wave, the methodology proceeds to 
350 in Which a timer associated With SENSOR 1 is set to T1. 
T1 is a time delay from time Zero When the Wave is 
transmitted (310) until a corresponding Wave, Which can be 
a direct Wave or a re?ected Wave, is detected at SENSOR 1. 

As mentioned above, such as With respect to FIGS. 6 and 
7, the method alternatively could utiliZe plural transmitters 
and one or more receivers. Those skilled in the art Will 
understand and appreciate hoW the methodology of FIG. 8 
Would be modi?ed given such an arrangement in vieW of the 
description contained herein. 

[0081] It is also to be appreciated that the methodology of 
FIG. 8 could implemented as part of a simulation, Which 
might run on a personal computer, a Work station, or other 
computer-implemented system. For example, instead of 
using actual acoustic transducers to generate and receive 
acoustic signals relative to a substrate surface, signals rep 
resenting the transmitted and scattered acoustic Waves could 
be generated as part of a simulation. Atouch point also could 
be simulated based on receipt of a user input, such as from 
a user input device (e.g., a mouse or other pointing device), 
Which results in simulated signals that represent the scat 
tered acoustic Waves. Time for the scattered acoustic Waves 
to travel from the touch point to the simulated receiver(s) 
can be calculated and employed to determine coordinates of 
the touch point on the simulated screen. The simulation can 
have a plurality of user-selectable parameters, such as screen 
siZe or resolution, location of transmitter(s) and receiver(s), 
material properties of the substrate, or other factors that 
might affect the operation of a touch screen system in 
accordance With an aspect of the present invention. The 
particular form of calculations employed to determine coor 
dinates of the touch point can be substantially identical to 
that described above. In addition, a lookup table based on the 
user selectable parameters also can be generated as part of 
the simulation, such as described beloW With respect to FIG. 
9. It is to be appreciated that such simulation can be used for 
marketing purposes of a touch screen system, as Well as to 
enable the accuracy of the calculations to be tested. 

[0082] Next, at 360, a determination is made as to Whether 
the detected Wave could correspond to a perturbation of a 
substrate surface, such as in response to a ?nger, a stylus, or 
other object contacting the substrate surface along Which the 
transmitted Wave propagates. The determination can be 
made based on the time T1 and/or based on a count 
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corresponding to the number Waves received at SENSOR 1 
in response to the Wave transmitted at 310. 

[0083] By Way of illustration, because SENSOR 1 is 
located a ?xed distance relative to a transducer that trans 
mitted the Wave at 310, a Wave re?ected and/or scattered 
from a perturbation at the substrate surface should arrive at 
SENSOR 1 Within a predictable time WindoW. Accordingly, 
if a Wave arrives at SENSOR 1 at a time prior to such 
WindoW, the Wave is not due to contact With the substrate 
surface and likely corresponds to the direct Wave transmitted 
at 310. If a Wave arrives at SENSOR 1 at a time greater than 
the maximum time of the WindoW, the Wave corresponds to 
a re?ection of the Wave from an edge of the substrate. 

[0084] By Way of further illustration, the determination at 
360 can be made by tracking the number of Waves received 
at SENSOR 1 for a given acoustic Wave transmission. That 
is, because SENSOR 1 is located a ?xed distance relative to 
a transducer that transmitted the Wave at 310, the ?rst Wave 
received at SENSOR 1 is the direct Wave transmitted at 310. 
When there is a perturbation of the substrate surface, the 
second Wave received corresponds to a Wave that is re?ected 
and/or scattered from the perturbation. Thus, only an elec 
trical signal for a second Wave can correspond to a pertur 
bation and electrical signals; all other Waves detected as a 
result of a given transmitted Wave can be ignored. The 
determination of Whether the second Wave corresponds to a 
Wave that has been re?ected and/or scattered can be deter 
mined based on Whether it is received Within a predictable 
time WindoW similar to that described in the preceding 
example. HoWever, in order mitigate re?ection of Waves 
from the edges of the substrate, a damping material can be 
applied to a perimeter portion of the substrate, such that a 
second detected Wave for a given transmitted Wave corre 
sponds to contact situation. 

[0085] If the determination at 360 is negative, the meth 
odology proceeds to 370 in Which another determination is 
made as to Whether the timer value has reached or exceeded 
a predetermined maximum time value (Tlmax) relative to 
time Zero at 320. If the 10 determination at 370 is negative, 
indicating that the maximum time has not been reached, the 
methodology returns to 330. T1rnaX can be selected to cor 
respond to a time outside a time WindoW in Which a Wave 
re?ected and/or scattered from a perturbation on the sub 
strate surface could be expected to arrive at SENSOR 1. 

[0086] The methodology associated With the path at 340 
for SENSOR 2 is substantially similar to that just described 
With respect to SENSOR 1. Brie?y stated, at 340 a deter 
mination is made as to Whether an acoustic Wave has been 
detected (or received) at SENSOR 2. When an acoustic 
Wave is detected at SENSOR 1, the Wave is converted into 
a signal having an electrical characteristic indicative of the 
detected Wave. The electrical signal can be analyZed to 
ascertain the properties of the detected Wave. If SENSOR 2 
detects a Wave, the methodology proceeds to 380 in Which 
a timer associated With SENSOR 2 is set to T2, Which is a 
time delay from time Zero When the Wave is transmitted 
(310) until a corresponding Wave is detected at SENSOR 2. 

[0087] Next, at 390, a determination is made as to Whether 
the detected Wave could correspond to a perturbation of a 
substrate surface, such as in response to a ?nger, a stylus, or 
other object contacting the substrate surface. As mentioned 
With respect to the path beginning at 330, the determination 
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can be made based on the timer value of T2 and/or based on 
a count value corresponding to the number Waves received 
at SENSOR 2 in response to the Wave transmitted at 310. If 
the determination at 390 is negative, the methodology pro 
ceeds to 400. 

[0088] At 400, a determination is made as to Whether the 
value of T2 has reached or exceeded a predetermined 
maximum time value (T2ma? relative to time Zero at 320. If 
the determination at 400 is negative, indicating that the 
maximum time has not been reached, the methodology 
returns to 340 to Wait for another detected Wave. T2rnaX can 
be selected to correspond to a time outside a time WindoW 
in Which a Wave re?ected and/or scattered from a perturba 
tion on the substrate surface could be expected to arrive at 
SENSOR 2. T1rnaX can be equal to T2maX, such as by 
selecting a value that is outside a permissible time WindoW 
for both SENSOR 1 and SENSOR 2. If the determinations 
at 370 and 400 both indicate that a maximum time period has 
expired the methodology can return to 310 in Which a next 
acoustic Wave can be transmitted. It is to be understood and 
appreciated that the acoustic Wave transducer can be con 
?gured to transmit the acoustic Waves periodically at a ?xed 
rate. 

[0089] If the determinations at 360 and 390 indicate that 
the Waves detected at SENSOR 1 and SENSOR 2 can 
correspond to a perturbation of the substrate surface, both 
paths proceed to 410. At 410, coordinates of the substrate are 
determined based on the values of T1 and T2. In accordance 
With an aspect of the present invention, T1 and T2 can de?ne 
different ellipses, With the intersection of such ellipses being 
the location (coordinates of the substrate surface) at Which 
the substrate surface Was perturbed. An average coordinate 
value further can be determined by averaging over a plu 
rality of transmitted Waves (or pings) and interpolating such 
coordinates to ?nd a center of mass for the coordinate values 
in the sample siZe. 

[0090] By Way of example, a lookup table, mathematical 
algorithm, or a model can be employed to identify coordi 
nates corresponding to the intersection of such ellipses based 
on the values of T1 and T2. If the lookup table has time 
values for all pixel locations, it is straightforWard to recover 
the coordinates from a measurement of the tWo acoustic time 
delays T1 and T2 With little or no CPU support. An example 
of hoW such a look up table can be generated is described 
With respect to FIG. 9. Alternatively, appropriate coordi 
nates could be calculated on the ?y based on, for example, 
knoWn properties of the substrate, the frequency of the 
acoustic Wave transmitted across the substrate surface, a 
desired resolution for the touch screen system, and the 
values of T1 and T2. 

[0091] From 410, the methodology proceeds to 420 in 
Which an action is performed based on the coordinates 
determined at 410. For example, a cursor can be mapped to 
part of a screen corresponding to the coordinates. Such 
mapping further can be employed to implement a function or 
method associated With the location to Which the cursor is 
mapped. It is to be appreciated that such a function or 
method can be implemented With or Without any mapping of 
a cursor to the determined coordinates. The particular action 
performed at 420 Will vary depending on the application in 
Which the methodology is being implemented. Some 
examples of possible applications that could utiliZe such a 
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methodology include point-of-information kiosks, vending, 
electronic catalogs, in-store locators, corporate training, 
gaming, lottery, and amusement, multimedia marketing, 
banking/?nancial transactions, ticket sales, interactive edu 
cation, multimedia demos, museum displays, and the like. 

[0092] FIG. 9 illustrates an example of a methodology 
that can be employed to generate a lookup table, in accor 
dance With an aspect of the present invention, such as for use 
in determining coordinates of a location at Which a touch 
screen has been perturbed. In general, the lookup table 
relates a pair of acoustic delay times to the screen coordi 
nates of all the potential touch points, based on a desired 
resolution of the screen. The methodology begins at 500 in 
Which general initialiZations occur, such as can include 
allocating memory, establishing pointers, establishing data 
communications, acquiring resources, instantiating objects 
and initialiZing variables. 

[0093] Next, at 510 system parameters are set. The system 
parameters, for example, can include the screen siZe, pixel 
siZe, the relative location of the transducers, acoustic prop 
erties of the substrate, etc. For example, if the screen is 
rectangular, a transmitting transducer can be placed at a ?rst 
corner, With the other transducers located at adjacent corners 
that are diagonally opposed to each other. The transducer 
placement can be set by default according to a desired 
location and con?guration, such as described herein. The 
screen siZe, for example, also can be selected by de?ning the 
number of pixels in the x and y directions, such as M><N, 
Where M and are positive integers. 

[0094] To recover the screen coordinates, in accordance 
With an aspect of the present invention, a pair of matrices X 
and Y is employed to hold the screen coordinates as their 
matrix elements for each respective receiving transducer. 
Each matrix is indexed by Tx and Ty values. The Tx and Ty 
values correspond to the tWo measured time delays in 30 
units of pixels. It is straightforWard to calculate either Tx or 
Ty given values for the screen coordinates X and Y, such as 
by employing the Pythagorean theorem. 
[0095] At 520, the table values are initialiZed. By Way of 
illustration, the lookup table can be prepared by ?lling 
matrix elements for each pixel location With common pre 
determined values (e.g., a null or —1), Which indicates the 
respective matrix element having such values have not yet 
been calculated. After the table has been prepared, the 
methodology proceeds to 530 in Which matrix elements are 
calculated for matrix X, such as Tx and Ty values for each 
pixel. Next, at 540 the values of matrix elements for matrix 
Y are calculated in a similar manner. 

[0096] For example, Tx can correspond to a time delay for 
an acoustic Wave to travel from a transmitting acoustic Wave 
transducer to a given pixel and Ty can correspond to a time 
delay for an acoustic Wave to travel from the given pixel 
location to a receiving acoustic Wave transducer. In accor 
dance With an aspect of the present invention, Tx and Ty 
de?ne a point on an ellipse corresponding to the pixel 
coordinates, of Which ellipse the transmitting transducer and 
receiving transducer are foci. Because the coordinate values 
are knoWn, a pair of loops thus can be iterated over for every 
pixel on the screen to calculate the Tx and Ty values at each 
respective pixel for each of the matrices X and Y according 
to the location of the transducers. 

[0097] In order to facilitate use and storage of the resulting 
lookup table, the Tx and Ty values are truncated to integers 
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and the matrix elements X(Tx, Ty) and Y(Tx, Ty) for the 
respective receiving transducers are assigned With corre 
sponding integer values at 550. Because of the truncation 
errors, hoWever, some pixel locations (Tx, Ty) might not 
have values Written to them at 550, While others could be 
Written to more than once. 

[0098] Next at 560, a determination is made as to Whether 
any matrix elements are still set to the initial value (e.g., null 
or —1). If the determination at 560 is affirmative, indicating 
that not all matrix elements have been assigned Tx and Ty 
values, each of the remaining elements is individually 
patched at 570. 

[0099] By Way of illustration, the patching operation can 
be implemented by examining the nearest neighbor matrix 
elements and averaging either horiZontally or vertically or 
both relative to each matrix element requiring patching. 
Generally, averaging both should provide more accurate 
values, unless one of the nearest neighbor matrix elements 
Was itself previously patched. That is, When an element is 
patched, an associated ?ag can be set to identify the element 
as patched. In this Way, neighbors of a given matrix element 
that themselves have been patched can be avoided to miti 
gate introduction of errors When propagating the values of 
the lookup table. Additional averaging rules are applied to 
the edges of the arrays. By Way of further illustration, the 
?rst roW and ?rst column can be patched ?rst and then the 
remaining roWs and columns are patched, such as by pro 
ceeding from left to right and top to bottom until all the 
matrix elements have been examined and patched as may be 
required. From 570, the methodology returns to 560. 

[0100] An alternative approach to ?ll the lookup table, 
Which provides a reasonable compromise betWeen speed and 
accuracy, is to ?ag each matrix element that is not Written to 
or that has been Written to more than once. For each ?agged 
matrix element, a forWard solution is then calculated for the 
problem of intersecting ellipses using a least squares trial 
and error method. The least squares method can be per 
formed With initial values and a search range set by the 
nearest neighbor matrix elements that Were previously Writ 
ten to exactly once. 

[0101] If the determination at 560 is negative, indicating 
that all matrix elements have been assigned, the methodol 
ogy proceeds to 580. At 580, the data can be saved, including 
all matrix values. Thus, the end result can be used for 
simulation or loading a ROM (or other suitable memory 
storage device). After the lookup table data has been saved, 
the methodology proceeds to 590 in Which the methodology 
ends. The resulting data can be employed to recover the 
screen coordinates corresponding to a location at Which a 
faceplate or other substrate con?gured according to the 
parameters at 510 is perturbed. 

[0102] What has been described above includes exem 
plary implementations of the present invention. It is, of 
course, not possible to describe every conceivable combi 
nation of components or methodologies for purposes of 
describing the present invention, but one of ordinary skill in 
the art Will recogniZe that many further combinations and 
permutations of the present invention are possible. Accord 
ingly, the present invention is intended to embrace all such 
alterations, modi?cations and variations that fall Within the 
spirit and scope of the appended claims. 




